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Abstract. Aposematic butteiflies, those that are unpalatable and warningly colored, may aggregate 

during overnight perching to reduce the risk of predation. The conditions under which they 

aggregate and the postures assumed by perching butterflies may indicate how aggregations are a 

useful defense against predators, including the use of the warning signal. Additionally, studying 

these aggregations allows for a better understanding of the conditions under which their warning 

signal may be used. We investigated the overnight perching behavior of the aposematic Pipetine 

SwallowTail (Battusphilenor) in both the field and in an enclosure. We found that the butterflies begin 

perching very close to sunset, when their blue iridescent warning coloration may still be effecdve, 

and the aggregations consist of between two and 21 individuals, which may accelerate warning signal 

learning by naive predators. In both the field and enclosure, aggregated butterflies perched vdth 

the plane of their wings surfaces in parallel which suggests they perch in ways that increase the size 

of the warning signal. Additionally, B. philenor individuals perch in conspicuous locations which 

may facilitate warning signal detection, learning, and recognition. Our investigations of B. philenor 

aggregations lend support to the hypothesis that aposematic butterflies aggregate to increase the 

effectiveness of the warning signal against visually hunting predators. 
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Introduction 

Aggregations of aposematic animals, such as 

the overwintering and overnight aggregations of 

Monarch and Heliconius butterflies, are thought to 

provide enhanced protection against visually hunting 

predators (e.g. Turner, 1975;Sillen-Tullberg&Leimar, 

1988; Gamberale&Tullberg, 1998). When aposematic 

butterflies aggregate, individual risk of predator 

attack can decrease through several mechanisms 

(Mappes & Alatalo, 1997; Gamberale & Tullberg, 

1998; Lindstrom et ai, 1999). First, regardless of 

whether a predator’s association of unpalatability with 

warning coloration is learned or innate, aggregations 
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can present a larger and, so, more effective warning 

signal (Gamberale & Tullberg, 1996a,b; Gamberale- 

Stille & Tullberg, 1999; Forsman & Merilaita, 1999). 

Second, aggregations may facilitate learning by 

naive predators by 1) providing the opportunity for 

predators to see warningly colored individuals during 

or immediately following perception of distasteful ness 

(Gagliardo & Guilford, 1993; Alatalo & Mappes, 

1996), or 2) allowing predators to sample more 

prey in each encounter (Sillen-Tullberg & Leimar, 

1988; Riipi et al., 2001). By accelerating the learning 

process, fewer butterflies will  be attacked and the 

individual risk for butterflies in the aggregation is 

reduced (“dilution effect”; e.g Bertram, 1978; Foster 

& Treherne, 1981). All  these mechanisms rely on the 

predators seeing the butterflies and therefore may not 

be in force after dark for overnight aggregations. 

Aggregations may also reduce the risk of attack 

by predators without the influence of the warning 

coloration. A naive predator that attacks a group 

of aposematic butterflies may leave the aggregation 

after determining that prey are unpalatable (Alatalo 

& Mappes, 1996; Riipi et ai, 2001) and the risk of an 

individual being attacked is again reduced through 

the dilution effect. Predators will  also be less likely 
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to encounter aggregated prey than solitary prey 

scattered throughout an area, because a finite amount 

of prey aggregated into larger groups will  form fewer 

groups, decreasing the chance of encountering prey 

(Turner & Pitcher, 1986; loannou et al, 2011). 

With these potential benefits in mind and in order 

to better understand the conditions under which 

warning signals are used, we made observations on 

the dynamics and structure of overnight aggregations 

in the Pipevine Swallowtail butterfly, Battus philenor 

(Linnaeus, 1771). We suspected that B. philenor 

adults may aggregate because of their unpalatability, 

anecdotal reports of overnight aggregations (Scott, 

1992; J. Fordyce and L. Gilbert, pers. comm.), and 

reports of feeding aggregations (Otis et al, 2006). 

In March 2009, during a search for perching adult 

B. philenor, we observed overnight aggregations in 

the Mazatzal Mountains of Arizona, USA, and used 

this as an opportunity for further study of B. philenor 

overnight perching over two months. However, 

field observations were limited by access to the 

butterflies and so we expanded our observations and 

understanding of the aggregations by studying B. 

philenor Y>eYc\\ix\^ behavior in an enclosure. 

B. philenor is distasteful to predators due to the 

sequestration of aristolochic acids by the larvae (Sime 

et al, 2000; Fordyce et al, 2005). The ventral hindwing 

surface functions as a warning signal (Brower, 1958; 

Codella &  Lederhouse, 1990) and displays both iridescent 

blue and orange spots (Fig. 1; Rutowski et al, 2010). Both 

the iridescent blue and orange spots are recognized by 

predators as a warning signal and the most common 

predators of B. philenor in Arizona are insectivorous birds 

(Pegram et al, unpublished observations). 

We aimed to better understand how aggregations 

may reduce the risk of predation as well as the 

environmental conditions under which the warning 

coloration may be used by pursuing answers to four 

questions. First, do aggregations form and disband 

at times of day when visually hunting predators are 

active and when the warning signal is effective? If  

so, we expect that butterflies would aggregate before 

sunset or when ambient light is still available and 

disband after sunrise. Second, do aggregations 

form in locations that facilitate learning and 

recognition? To facilitate learning and recognition, 

we expect butterflies to perch in locations that make 

them conspicuous. Third, do butterflies position 

themselves in a way that increases the size of the 

warning signal? If  so, we predict that the butterflies 

will  orient themselves so that more wing surfaces 

are visible to an approaching predator. Finally, does 

the size of aggregations indicate that the butterflies 

aggregate to facilitate warning signal learning? If  this 

Figure 1. AS. philenor perched after sunset and 
illuminated with only indirect solar radiation. Even without 
the solar orb present in the sky, the blue iridescence of the 
ventral hindwing is visible. 

is the case, we expect that there are more butterflies in 

aggregations than the number of butterflies required 

to be sampled by the predator for the predator to 

learn. Answers to these questions will  help us to 

determine why these animals aggregate and how 

aggregations may influence the effectiveness of the 

warning signal. 

Materials and methods 

Field observations 

We observed overnight aggregations of B. 

philenor from March to May 2009 at the confluence 

of Mesquite Wash and Sycamore Creek in the 

Mazatzal Mountains of Arizona, USA (N 33°43.784’, 

W 111°30.997’; Fig. 2). Here, the riparian vegetation 

includes Sycamore {Platanus lurightii). Willow {Salix 

spp.), and Cottonwood {Populusfremontii) trees. The 

streamside area in which we made our observations 

was approximately 9000 m^. On observation days, we 

arrived at the field site before sunrise or sunset and 

visually scanned trees with binoculars until we spotted 

B. philenor individuals. 

Because some of the benefits of aggregation, such 

as increased signal size, can be realized with only two 

individuals, we considered two or more B. philenor 

butterflies perched together to be an aggregation. 

For each aggregation found, we determined how many 

individuals were clustered together (within a cubic 
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Figure 2. Riparian forest at the confluence of Sycamore Creek and Mesquite Wash in Arizona where aggregations of B. 
philenorwere observed. 

area of about 2 m on a side) and recorded the time 

at which the aggregation was first observed. On two 

mornings, we also recorded the time at which each 

individual left the aggregation. We obtained the 

sunrise or sunset time for each observation day from 

the NOAA calculator (http://www.srrb.noaa.gov/ 

highlights/sunrise/sunrise.html), and compared all 

observed times to sunrise (for morning observations) 

or sunset (for evening observations). 

We estimated height from the ground to the lowest 

butterfly for each aggregation using a known height 

as a reference. For 20 aggregations, we observed the 

orientation of each butterfly with binoculars and 

described it as the compass bearing of the azimuth of 

the line going from the wing tips to the body of the 

butterfly. This was always done before we observed 

any movement in the morning and after no more 

movement was observed in the evening. 

To better understand how aggregations form and 

the activity around the time in which they perch, 

on four evenings we also counted individuals flying 

amongst the trees (at least 3 m above ground) every 15 

minutes from a distant observation point that allowed 

us to observe the whole stand of trees. We stopped 

recording around sunset to observe the aggregations 

from a closer vantage point and take the above 

measures. Throughout the study, we also took notes on 

any interactions we observed among the butterflies. 

Enclosure study 

Due to limitations of the field study, in the summer 

of 2011 we also investigated the perching aggregations 

of B. philenor in a 10 m wide x 24 m long x 4.5 m 

high enclosure, the Maxine and Jonathan Marshall 

Butterfly Pavilion at the Desert Botanical Garden 

in Phoenix, AZ, USA. This enclosure is covered 

with 65% shade cloth and contains a large variety of 

vegetation and nectar sources, including Mexican 

Orchid trees {Bauhinia mexicana) and Lantana spp., 

but no hostplant. We populated the pavilion with 

lab-raised B. philenor that were either collected as 

eggs or larvae from the field site described above, 

or as eggs from females that mated in this pavilion 

and oviposited in the lab. Animals were raised to 

adulthood in an environmental chamber as described 

in Rutowski et al. (2010). We released individually 

marked B. p/h/cnoradults into the pavilion within 0-4 

days of eclosion, and maintained a population of 6-20 

individuals in the enclosure throughout the study. We 

always released butterflies at least two hours before 

sunset. The butterflies were an unstructured mix of 

males and females, and we recorded the sex of each 

before release. 

To facilitate the assessment of the distribution of 

perched butterflies within the pavilion, we created a 

map of the interior of the enclosure, plotted on it the 
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location of perched individuals, and noted whether 

they perched in aggregations or individually. As 

with the field study, we defined an aggregation as two 

or more individuals perched within a cubic area of 

approximately 2 m on a side. 

We measured the height of each perched 

individual with a tape measure. Also, as in the field 

we described the orientation of perched butterflies 

using the compass bearing of the azimuth of the line 

going from the wing tips to the body of the butterfly. 

These measurements in the enclosure are likely to be 

more accurate than those made in the field because 

we were able to more closely observe the butterflies. 

We also focused on the formation and disbanding 

of aggregations. On five evenings, we plotted the 

location and recorded the height of every perched 

individual every five minutes, starting a half hour 

before sunset and ending a half hour after sunset. 

To understand how the aggregations disband, on 

five mornings, we recorded when each individual left 

the perch. We started this at sunrise and ended one 

hour after sunrise. In addition, we made qualitative 

observations on flight behavior and interactions 

among individuals forming aggregations at night or 

disbanding in the morning. 

Statistical analysis 

To determine whether perching individuals in 

the field and enclosure were oriented in a haphazard 

fashion we used circular statistics (Batschelet, 1981) 

using Oriana v.3 (Kovach Computing Services, 

Anglesey, Wales). We calculated: the mean angle; the 

Rayleigh statistic, which determines if  the orientations 

are significantly different from random orientations; 

and the V test, which tests whether the butterflies 

were significantly clustered around specific compass 

bearings, with 180° and 0° as the given angles. We 

chose 180° and 0° as the given angles because we 

hypothesized that the butterflies may be perching 

with their wing surfaces perpendicular to the rays of 

the rising and setting sun. For the enclosure, we first 

sorted the orientation observations into those that were 

taken from aggregations and those that were taken from 

butterflies perched individually. We then calculated the 

mean orientation angle for each individual and ran the 

tests described above on these mean angles to control 

for multiple measurements on the same individual. 

We determined whether height and propensity 

to aggregate were consistent among individuals 

using repeatability calculations. We calculated the 

repeatability (or r-) and /^-values (with a significance 

of 0.05) using one-way ANOVAs and the calculations 

described in Tessells and Boag (1987). To determine 

whether individuals were consistent from day to day 

in their orientation, we used second-order circular 

statistics on the mean vector lengths, because 

linear statistics are not appropriate for angular 

measurements (Batschelet, 1981). We calculated the 

mean vector length for each individual using Oriana 

V. 3 (Kovach Computing Services, Anglesey, Wales) 

and then compared the distribution to the circular 

uniform distribution using the Kolomogorov’s one- 

sample test (Batschelet, 1981). 

The number of males and females in the enclosure 

on any given day was not equal. Therefore, to 

determine whether males and females perch in 

aggregations at the same rate, we used a t-test to 

compare the observed number of males in each 

aggregation to an expected number of males in each 

aggregation based on the sex ratio in the enclosure 

and the total number in the aggregation. 

Results 

Field observations 

We recorded data on 27 natural aggregations from 

12 March - 5 May 2009 during 13 field visits (six in 

the early morning and seven around sunset). Nine 

of the aggregations were found at dusk and 18 were 

found at dawn. All  aggregations were either found 

at the top or the outer edges of deciduous trees (Fig. 

3). Heights ranged from 5.4 m - 10.6 m (mean = 7.9 

m). Individuals started arriving at the site and flying 

around about 1 hour before sunset, and started to 

settle right around sunset. Counts of individuals in 

each aggregation ranged from 2-21 (mean = 5.8). 

Additionally, we found 10 individuals perched alone 

(10.5% of all butterflies observed), but our efforts in 

the field were focused on finding aggregations and so 

could easily have missed many solitary perchers. By 5 

May, the trees had leafed out to an extent that made 

it difficult  to scan for perched butterflies. We also 

found aggregations during future trips to the field 

site during other parts of the year when B. philenorw^s 

active (approximately March - October) suggesting 

that aggregations are not seasonal. 

Aggregated butterflies measured in the field 

(n=85), were significantly oriented with the mean 

at 215° (Rayleigh: z=13.9, /xO.OOl; Fig. 4). We also 

did a V-test, which measures whether the observed 

orientations are clustered around a given angle. 

The T-test for 180° was significant (/xO.OOl) while 

the T-test for 0° was not (/»0.999), which means that 

the orientations of the butterflies were significantly 

clustered around 180°, that is their wings tended to 

point to the north. 
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Figure 3. An aggregation of six B. philenor high in a tree 
in the morning just before the animals disbanded. Note 
that three of the animals are dorsal basking. 

Enclosure study 

In June and July of 2011, we observed the 

overnight perching behavior of B. philenor in 38 

visits to the enclosure on 33 different days, on some 

days visiting both in the morning and the evening. 

Our observations in the enclosure, as in the field, 

revealed individuals perching within aggregations as 

well as individuals perching alone (not within about 

2 m of another butterfly). The mean percentage of 

individuals aggregating was 43% over all nights with a 

maximum of 65% on 21 July 11 and a minimum of 0% 

on 27 June 11 when only six individuals were present 

in the enclosure. The mean size of aggregations 

was 2.8, ranging from two to six individuals, and 

aggregations were composed of both males and 

females. The sex ratio of these aggregations was not 

biased toward either sex (t-test, p = 0.464). 

Butterflies perched in aggregations {n = 57 

individuals, 144 observations) were significantly 

oriented (Rayleigh test z = 8.398, p < 0.001) with a 

mean angle of 227.14° (Fig. 4). Also, as in the field, 

the orientations of aggregated individuals were 

significantly clustered around 180° (T-test, n = 0.261, 

= 0.003) but not 0° (y = -0.261, p= 0.997), that is, with 

their wings pointed toward the north. Interestingly, 

butterflies perched individually (not in aggregadons; n 

= 57 individuals, 173 observations) were not significantly 

oriented overall (Rayleigh test z = 0.402, p = 0.669; Fig. 

4). In the enclosure, butterflies perched at heights 

ranging from 0.05-3.9 m (mean = 2.02 m), much lower 

than in the field and no doubt constrained by the height 

of the pavilion’s roof. As in the field, aggregations were 

found at the top or outer edges of trees and plants (Fig. 

5), but were also found on the shade cloth and other 

structures within the pavilion. 

In the enclosure, we could identify individuals 

and therefore determine repeatability or consistency 

in perching behavior among individuals. We found 

height (r= 0.967,0.001) and whether they perched 

in aggregations or individually (r= 0.814, p < 0.001) 

to be consistent among individuals. However, 

orientation angle was not consistent among individuals 

(Kolmogrov’s one-sample test; T = 0.717, p = 0.762). 

We noticed that during their search flights in 

the evenings, individuals often landed on multiple 

perching spots before settling on a final perch between 

a half hour before sunset and a few minutes after 

sunset. Movements varied from slightly shifting their 

orientations to leaving for a new perching location 

up to several meters away. The mean number of 

times an individual landed on a perch before their 

final location was 3.1 (min = 0, max = 6). We also 

noticed that individuals already perching within an 

aggregation sometimes left after another butterfly 

arrived and flew around the perch, interacting with 

those already perched. Our observations ended 

about 45 minutes after sunset and, on 13 nights, we 

made observations the following mornings. On two 

occasions out of the 13, we found that the individual 

moved overnight and, on eight occasions, we were not 

able to find the individual anywhere in the pavilion 

and suspected they were attacked overnight. All  of 

these individuals were perched alone. Predation 

may have been due to lizards {Sceloporus or roof 

rats {Rattus rattus), which were both spotted in the 

enclosure. 

In the mornings, individuals opened their wings 

to bask, made small movements, or took off from 

their perches starting from a few minutes to one 

hour after sunrise. Most individuals moved to a 

different perching location after leaving their original 

night perch. We counted the number of perches 

until an individual started flying continuously or 

began feeding. The mean number of perches that 

individuals made after leaving their night perch was 

1.4 (min = 0, max = 4). Aggregations disbanded one 

individual at a time, similar to how they formed. The 

shortest time from the first individual leaving to the 

last departure was 17 minutes for an aggregation of 

two individuals and the longest time from the first 

individual leaving to the last departure was 48 minutes 

for an aggregation of four individuals. However, we 

never observed any interactions between individuals 

within an aggregation during disbanding. 
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Figure 4. Orientation of a) aggregated butterflies in 
the enclosure, b) butterflies perched individually in the 
enclosure, and c) aggregated butterflies in the field. For 
the field observations, each dot represents one butterfly 
orientation, measured as the azimuth of the line going from 
the wing tips to the body. For the enclosure observations, 
these are averaged for each individual, so that each dot 
represents an individual. Butterflies in aggregations were 
significantly oriented (mean vector = 227° in (a) and 215° 
in (c)). The azimuths of the sunsets during measurement 
periods ranged from 270° to 299° and from 62° to 90° 
for sunrise. 

Discussion 

In this study we set out to answer four questions 

about B. philenor aggregations and how they might 

influence predation rates: when and where the 

butterflies aggregate, the way the butterflies position 

themselves, and the size of the aggregations. 

Do aggregations form and disband at times of day 

when visually himting predators are active and when 

the warning signal is effective? 

Insectivorous birds, the most common predators of 

B. philenor\n Arizona, are active throughout the day, 

but may hunt more intensely around sunset or sunrise 

(e.g. Morton, 1967; Hutto, 1981). We found that B. 

/>/?.i/cnor started perching around sunset but left their 

perches well after sunrise, which may indicate they are 

perching when their predators are most active. 

The timing of the formation and disbanding of 

aggregations is likely to influence the effectiveness of 

warning coloration. The transmission and perception 

of color signals are influenced by light environment 

(Endler, 1990; 1993). Under low light conditions, 

color signals become difficult  to discriminate by birds 

(Cassey, 2009). Therefore, whether or not the solar orb 

is still present in the sky influences if  and how predators 

learn or recognize the warning signal. The formation 

of aggregations around sunset or after the sun had 

set could limit  the effectiveness of the visual signal. 

However, during field observations, the iridescent 

blue of the ventral hindwing was visible to the human 

eye even for some time after sunset but while there 

was still skylight (Fig. 1). This may be an advantage 

of displaying an iridescent warning signal. We also 

found that aggregations disbanded well after sunrise, 

so the warning coloration may be more effective at 

deterring insectivorous birds in the morning than in 

the evening. 

Additionally, aggregating individuals may benefit from 

reduced predation through dilution or fewer predator 

encounters, as discussed earlier. Therefore, even though 

the aggregations are forming after sunset and diffusely 

reflecting warning colors may not be effective, iridescent 

warning colors may still be effective and aggregations may 

still reduce the risk of predation. 

Do aggregations form in locations that facilitate 

learning and recognition? 

A more conspicuous and larger signal may facilitate 

predator learning and recognition of a warning 

signal (Guilford, 1986; Gamberale & Tullberg, 1996b; 

Gamberale-Stille &  Tullberg, 1999; Forsman & Merilaita, 

1999; Gamberale-Stille, 2001; Prudic et ai, 2007). We 

found that B. philenor aggregations in the field average 

5.8 individuals and form very high in trees. The area 

in which our observations took place is surrounded by 

mountains, and the sunshine clearly hits the tops of 

the trees first. This may allow for both the diffusely 

reflecting and iridescent warning colors to be effective 

earlier, as light becomes available to reflect off of the 

wings. Higher perching locations may also discourage 

predation by nocturnal, ground dwelling animals that 

may not be visually oriented and therefore not deterred 

by the warning coloration. In the enclosure, the average 

height of perching was only about 2 m off the ground 

but was likely constrained by the fact that the maximum 

height in the enclosure is only 4.5 m. We also found that 

aggregations were often formed on the outer edges of 

trees, which may also increase conspicuousness and, 

thus, warning signal effectiveness. 

Despite perching in locations that may facilitate 

learning and recognition of warning signals through 

increased conspicuousness and signal size, microclimate 

could also be a factor driving B. philenor perch 



45:9-16, 2012 15 

Figure 5. An aggregation of four B. philenor in the 
enclosure taken in the evening. 

selection and aggregations. Other butterfly species 

(e.g. Danaus plexippus) choose their perching location 

based on temperature and protection from wind and 

precipitation (Brower et al, 2008; Salcedo, 2010). In B. 

philenor, perching high in trees may allow the butterflies 

to start basking earlier and therefore leave their perch, 

where they are most susceptible to predation (Rawlins 

& Lederhouse, 1978; Lederhouse et al, 1987), earlier. 

An indication that B. philenor individuals are seeking 

specific conditions for perching is found in their evening 

activity. In the field and enclosure, we regularly observed 

interactions between perched and patrolling individuals 

in the trees during the evening. Individuals often settle 

on several perches before selecting their overnight perch. 

In the enclosure, most individuals landed on at least 

one perch before settling on a perch overnight. In the 

mornings, there is less interaction, but the butterflies still 

land on several perches before becoming fully  active. 

Do butterflies position themselves in a way that 

increases the size of the warning signal? 

Butterfly orientation can have several implications 

for signaling behavior because the iridescent color 

on the wings will  only be visible from certain angles 

and predators approaching on a path in the plane of 

the wing surface will  not see any of the wing colors. 

We found that butterflies both within and among 

aggregations were similar in their body orientation in 

both the field and enclosure, but that non-aggregated 

butterflies were not. This suggests that butterflies may 

aggregate and position themselves to increase the size 

and, therefore, effectiveness of the warning signal. If  

all of the butterflies in an aggregation are facing in the 

same direction, the warning signal they display is much 

larger to any potential predator approaching from a 

direction perpendicular to the plane of the wings and, 

in general, a larger warning signal is a more effective 

signal (Gamberale & Tullberg, 1996b; Gamberale-Stille 

& Tullberg, 1999; Forsman & Merilaita, 1999). An 

alternative hypothesis is that B. philenorh\x\x.eYB\es could 

also be orienting themselves in order to increase the sun 

rays hitting the wings for warmth, but then we would 

expect to find that all perched butterflies significantly 

orient themselves to a direction perpendicular to 

the sun. This was not the case as butterflies perched 

individually were not significantly oriented. 

Does the size of aggregations indicate that the 

butterflies aggregate to facilitate warning signal 

learning? 

If  a naive predator is sampling prey from the 

aggregation and learning to avoid the animals 

based on the warning coloration, then the number 

of individual butterflies in the aggregation should 

increase with the number of prey the predator 

needs to sample to learn to avoid that prey item 

(Sillen-Tullberg & Leimar, 1988). Yor B. philenor, one 

experiment demonstrated that it takes an average 

of 2.67 butterflies for Blue Jays {Cyanocitta cristata) 

to learn not to attack this species using the ventral 

surface in a captive setting (Codella & Lederhouse, 

1990). Considering the mean size of the observed 

aggregations was 5.8 for the field and 2.8 in the 

enclosure, predator sampling during learning could 

have influenced the size of B. aggregations. 

Conclusions 

Our study provides information on the environmental 

conditions in which the warning signal of B. philenor 

is likely to mediate interactions between them and 

their predators and the ways in which by forming 

aggregations they may increase the effectiveness of their 

warning signal. We now know that B. philenor forms 

aggregations, selects postures within aggregations that 

may maximize the size of the warning signal, forms 

groups of a size that may facilitate predator learning, 

perches in locations that may facilitate learning and 

recognition, and forms aggregations at times during the 

day when iridescent warning coloration may be effective. 

Our observations revealed that the iridescence is still 

visible when the solar orb is not present in the sky, giving 

us a potential reason for why an iridescent warning 

signal might evolve. Our observation that the only 
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animals that disappeared from the pavilion overnight 

were individuals that were perched individually may also 

support the idea that B. philenor aggregations reduce 

predation risk. 

Acknowledgements 

We are grateful to the Desert Botanical Garden for use of their 

facilities and to Kamuda Pradhan and William Vann for help with 

field observations. This work was supported by The Lepidoptera 

Research Foundation, Inc. through their student research grant 

to KVP and the School of Life Sciences Undergraduate Research 

Program funded by the School of Life Sciences and the Howard 

Hughes Medical Institute. We thank Brett Seymoure, Nikos 

Lessios, Melissa Lillo,  Sophia Madril, Ellen Goh and Tyler Mello 

for comments on the manuscript. 

Literature cited 

AijtTAi.o,  R. & M.appf.s. 1996. Tracking the evolution of warning 

signals. Nature 382: 708-710. 

Batscmf.i.et, E. 1981. Circular Statistics in Biolog)'. London: 

Academic Press. 

Bf.rtr.am, B. C. R. 1978. Living in groups: predators and prey. In: 

Krebs, J. R. & N. B. Davies (eds.): Behavioural Ecology: An 

Evolutionary Approach, pp. 64-96. Sinauer, Sunderland, 

Mass. 

Bromt.r, J. V. Z. 1958. Experimental studies of mimicry in some 

North American butterflies. Part II. Battus philenormd Papilio 

troiliis, P. polyxenes and P. glaucus. Evolution 12: 123-136. 

Brcawtr, L. P, E. H. W11.1.IA.MS, L. S. Fink, R. R. Zi bieta & M. I. RA.MiRF.7.. 

2008. Monarch butterfly clusters provide microclimatic 

advantages during the overwintering season in Mexico. 

Cassev, P. 2009. Biological optics: seeing colours in the dark. 

Current Biology' 19: R1083-R1084. 

CoDEi.iA Jr., S. G. & R. C. LEnF.RiiousE. 1990. The effect of wing 

orientation on aposematic signalling in the Pipev'ine Swallowtail 

Butterfly, Battus philenor. Animal Behaviour 40: 404-406. 

Endlf.r, J. A. 1990. On the measurement and classification of colour 

in studies of animal colour patterns. Biological Journal of the 

Linnean Society 41: 315-352. 

Endler. J. a. 1993. The color of light in forests and its implications. 

Ecological Monographs 63: 1-27. 

Fordyce, J. A., Z. H. Marion & A. M. Shapiro. 2005. Phenological 

variation in chemical defense of the Pipev'ine Swallowtail, Batins 

philenw. Journal of Chemical Ecology 31: 2835-2846. 

Forsman, a. & S. MeriijAITA.  1999. Fearful symmetry': pattern size 

and asymmetry' affects aposematic signal efficacy. Evolutionary' 

Ecology' 13: 131-140. 

E0.STER, W. A. & J. E. Treiierne. 1981. Evidence for the dilution 

effect in the selfish herd from fish predation on a marine insect. 

Nature 293: 466-467. 

GagI-I.ardo, a. & T. Gl'II  FORI). 1993. \\4iy do warning-coloured prey- 

live gregariously? Proceedings of the Royal Society of London 

B, Biological Sciences 251: 69-74. 

Gambf.rale, G. & B. S. Ti'i.iJtF.RG. 1996a. Ev'idence fora more effective 

signal in aggregated aposematic prey. Animal Behaviour 52: 

597-601. 

Ga.vibf.rai.e, G. & B. S. Tfi.i.BERG. 1996b. Evidence for a peak shift in 

predator generalization among aposematic prey. Proceedings 

of the Roval Society of London B 263: 1329-1334. 

Gamberai.e, G. & B. S. Tl'i.i.berg. 1998. Aposematism and 

gregariousness: the combined effect of group size and 

coloration on signal repellence. Proceedings of the Royal 

Society of London B, Biological Sciences 265: 889-894. 

Gamberale-Stille, G. 2001. Benefit by contrast: an experiment with 

live aposematic prey. Behavioral Ecology 12:768-772. 

Gambf.rle-Stii.le, G. & B. S. Tullberg. 1999. Experienced chicks 

show biased avoidance of stronger signals: an experiment with 

natural colour variation in live aposematic prey. Evolutionary 

Ecology 13:579-589. 

GuiLFORn, T. 1986. How do warning colors work? Conspicuousness 

may reduce recognition errors in experienced predators. 

Animal Behavior 34: 286-288. 

Hutto, R. L. 1981. Temporal patterns of foraging activity in some 

wood warblers in relation to the availability of insect prey. 

Behavioral Ecology and Sociobiology 9: 195-198. 

loANNOu, C. C., E. Bartl’meus, J. Krause & G. D. Ruxton. 2011. 

Unified effects of aggregation reveal larger prey groups take 

longer to find. Proceedings of the Royal Society B, Biological 

Sciences 278: 2985-2990. 

Lederhouse, R. C., S. G. Codeua & P. G. Comt.ll. 1987. Diurnal 

predation on roosting buttei-flies during inclement weather: a 

substantial source of mortality in the Black Swallowtail, Papilio 

polyxenes (Lepidoptera: Papilionidae). Joumal of the New York 

Entomological Society 95: 310-319. 

Le.s.sells, C. M. & P. T. Boag. 1987. Unrepeatable repeatabilities: a 

common mistake. The Auk 104:116-121. 

LiND.srrR6M,L.,R.V.AiATAi,o&J. MAPPF.S. 1999. Reactions of hand-reared 

and w'ild-caught predators toward wamingly colored, gregarious, 

and conspicuous prey. Behav'ioral Ecology' 10: 317-322. 

Mappes, j. & R. V. Ai.atalo. 1997. Effects of novelty and 

gregariousness in survival of aposematic prey. Behavioral 

Ecology 8: 174-177. 

Morton, M. L. 1967. Diurnal feeding patterns in white-crowned 

sparrow's, Tjonotrickia leucophrys gambelii The Condor 69:491-512. 

Otis, G. W., B. Locke, N. G. McKenzie, D. Cheung, E. M.acLeod, 

P. Careless & A. Kw'oon. 2006. Local enhancement in mud¬ 

puddling swallowtail butterflies {Battus philenor and Papilio 

glaucus). Joumal of Insect Behavdor 19: 685-698. 

Prudic, K. L., a. K. Skemp, & D. R. Papaj. 2007. Aposematic coloration, 

luminanace contrast, and the benefits of conspicuousness. 

Behav'ioral Ecology 18: 41-46. 

R.AVVI.INS, J. E. & R. C. Lederhouse. 1978. The influence of 

environmental factors on roosting in the Black Swallowtail, 

Papilio polyxenes asterius Stoll (Papilionidae). Journal of the 

Lepidopterists’ Society 32: 145-159. 

Riipi, M., R. Aiatai.o, L. Lindstrom & J. Mappes. 2001. Multiple 

benefits of gregariousness cover detectability costs in aposematic 

aggregations. Nature 413: 512-514. 

RUTOW.SKI, R. L., A. C. Nahm & j. M. Macedonia. 2010. Iridescent 

hindw'ing patches in the Pipev'ine Swallowtail: differences in 

dorsal and ventral surfaces relate to signal function and context. 

Functional Ecology 24: 767-775. 

Salcedo, C. 2010. Eiwronmental elements involved in communal 

roosting in Heliconius butterflies (Lepidoptera: Nymphalidae). 

Environmental Entomology 39: 907-911. 

Scott, J. A. 1992. The Butterflies of North America: A Natural 

History and Field Guide. Stanford: Stanford University Press. 

Sillen-Tuli.berg, B. & O. Leimar. 1988. The evolution of 

gregariousness in distasteful insects as a defense against 

predators. American Naturalist 132: 723-734. 

SiME, K., P. Feen’v& M. H.arib.ai.. 2000. Sequestration of aristolochic 

acids by the pipevine swallowtail, Battus philenor (L.): ev'idence 

and ecological implications. Chemoecology 10: 169-178. 

Turner, G. F. & T. J. Pitiiher, 1986. Attack abatement - a model 

for group protection by combined avoidance and dilution. 

American Naturalist 128: 228-240. 

Turner, J. R. G. 1975. Communal roosting in relation to warning 

coloration in two heliconiine butterflies (Nymphalidae). 

Journal of the Lepidopterists' Society 29:221-226. 


